The present study was conducted to investigate the effects of different irrigation water salinity levels (0, 3, 5 and 8 dS/m) on hay yield, chemical composition, gas and methane production, metabolic energy (ME) and organic matter digestibility (OMD) of plants. Experiments were conducted in randomized blocks design with four replications for two years (2014-2015). Calcium chloride (CaCl2), sodium chloride (NaCl) and magnesium sulfate (MgSO4) salts were used to prepare irrigation waters with different salinity levels. Drip irrigation was used. Fresh and dry hay yields, plant height, acid detergent fiber, neutral detergent fiber and crude oil contents decreased with increasing salt doses. Tall fescue Olympus cultivar exhibited a moderate tolerance to salinity. Fresh hay yield decreased by 8.2% at 1.85 dS/m threshold salinity level and dry hay yield decreased 8.2% at 1.97 dS/m threshold salinity level. Crude protein content, gas and methane production, net energy lactation, metabolic energy and organic matter digestibility increased with increasing salt doses. Despite the decreases in hay yield, 8 dS/m did not result in any decreases in protein yields and resulted in low gas and methane production.
INTRODUCTION
Salinity is a significant environmental factor influencing yield and quality in agricultural practices (Allakhverdiev et al., 2000) . Worldwide, about 25% of total land resources (corresponding about 400 million ha) are under the threat of salinity (Tilaki et al., 2010) and the size of saline lands is increasing every day (Munns, 2005) together with mistakes made in irrigation and fertilization practices. In recent years for increasing salinity problems, either salt-resistant plants are bred or implementations are practiced to improve the salt resistance of the plants. Grasses are commonly used over these saline lands since they can well adapt to harsh soil conditions. These plants are also used in animal feeding (Martin et al., 2012) . Festuca species grows over saline and alkaline soils better than the other grass species. It has also quite resistant to water ponding and poorly-drained soils (Efe, 2010) .
Nutrient composition, metabolic energy and digestible nutrients are the greatest indicators of feed quality. Therefore, these parameters are commonly assessed in feed quality researches (Canbolat, 2012) . Since being rapid, easy and cheap method, in vitro gas production technique is commonly used to determine nutritive values of the feeds (Kaplan et al., 2016) . The in vitro gas production technique is also used in measuring methane (CH4) production which is a significant factor in global warming (Lin et al., 2013) .
Tall fescue (Festuca arundinacea Schreb) is moderately resistant to salinity (Moore, 1998) and previous salinity studies on Festuca sp. mostly investigated germination (Hanslin and Eggen, 2005) , ion uptake (Alshammary, 2013) , effects of salinity on physiological characteristics (Yan et al., 2008) and nutrient uptake (Banuelos et al., 1996) of tall fescue. The studies about the effects of salinity on hay yield and quality are quite limited.
The present study was conducted to investigate the effects of different salt stress levels on hay yield, chemical composition, metabolic energy (to be calculated through gas and methane production) and organic matter digestibility of tall fescue.
MATERIALS AND METHODS

Field Experiments
Field experiments were conducted in Kayseri province (3948 ' N; 3873'E) of Turkey during the years 2014-2015 for two years. Tall fescue cv. Olympus was used as the plant material of the study. Plants were subjected to irrigation waters with 4 different salinity levels (T0: control, T1: 3 dS/m, T2: 5 dS/m and T3: 8 dS/m). Plants were sown at the end of May 2013 and plants formed a grass cover. Seeds were sown at 30 cm row spacing as to have 1.5 kg seed per decare. Experiments were conducted in randomized blocks design with 4 replications. Plot sizes were 1.85 m and each plot has 6 plant rows. A space (1 m) was provided between the plots to prevent interactions among salt treatments. Fertilizations were performed based on soil analyses as to have 8 kg da -1 N and 5 kg da -1 P2O5. Following each harvest, 5 kg da -1 N fertilization was also performed. Care practices were performed throughout the growing season. The first harvest was performed based on flowering period and the second harvests were performed based on the progress of plant growth. In harvests, the side rows and 50 cm strips from the plot ends were omitted as to consider side effect. The mid-section was harvested and weighed to get fresh hay yield. Then, 500 g sample was taken from fresh hay and samples were dried at 70 °C for 48 hours to get dry matter yield. Dry matter ratio was then multiplied by fresh hay yield to get dry hay yield.
Salt doses and soil analysis
In control treatment (T0), water supplied from a deep well with an electrical conductivity value of 0.24 dS/m was used. To exert a salt stress on tall fescue plants, irrigation waters with different electrical conductivity (EC) levels (EC= 3 dS/m for T1; 5 dS/m for T2 and 8 dS/m for T3) were applied. In this way, including control treatment, tall fescue plants were subjected to 4 different salinity levels. NaCl, CaCl2 and MgSO4 salts were used to prepare saline irrigation waters. Amount of salt to be included in saline water was calculated for 3 different salinity levels as to have a sodium absorption rate (SAR) value of 5 and Ca/Mg ratio of 1:1 (me/l). EC values of prepared saline waters were checked under laboratory conditions and they were made ready to be used in experiments following the relevant adjustments. For each saline irrigation water treatment, amount of salt (g) added to 100 liter irrigation water is provided in Table 1 . Soil moisture was monitored with a neutron meter (503DR Hydroprop). Amount of irrigation water to be applied in each irrigation was determined by using the following equation as to bring the deficit soil moisture in 0.5 m root zone into the field capacity (Ayers and Westcot, 1989; Unlukara et al., 2008 ):
I is the amount of irrigation water to be applied to plots (L), fc and a are respectively the field capacity and volumetric soil moisture content before each irrigation (m 3 /m 3 ), D is the depth of plant root zone (0.5 m), A is plot size (m 2 ) and LF is leaching fraction. The leaching fraction was considered as 15% for each irrigation.
Soil and climate parameters for research site
Soil samples were taken from 0-40 cm soil profile throughout the experimental fields and subjected to soil analyses. Experimental soils were sandy loam in texture. Soils had low lime content and salinity, rich in potassium and phosphorus, slightly alkaline and poor in organic matter (Table 2) . Climate parameters for the year 2013 before sowing and grass cover formation, the parameters for the years 2014 and 2015 and long-term averages are provided in Table 2 . Temperatures in experimental years (2014 and 2015) were generally higher than the long-term averages.
While the precipitations in 2014 were higher than the long-term averages, the precipitations in 2015 were lower than the long-term averages. Long-term relative humidity values were generally higher than the relative humidity values of the experimental years (Table 3) . 
Feed samples and chemical analyses
Feed samples were initially dried at 70 °C for 48 hours and ground at mills with 1 mm sieve. Crude ash contents were determined through ashing the samples at 550 °C for 8 hours; crude oil contents were determined with ether extraction method by using Soxhlet collector and crude protein contents were determined by multiplying nitrogen content of Kjeldahl method with 6.25 (AOAC, 1990) . Neutral detergent fiber (NDF) was determined in accordance with Van Soest and Wine (1967) and acid detergent fiber ADF in accordance with Van Soest (1963) in an ANKOM 200 Fiber Analyzer (ANKOM Technology Corp. Fairport, NY, USA) device.
Determination of total gas and methane productions
Gas and methane production of tall fescue hays was determined by using in vitro gas production technique developed by Menke at al. (1979) . Rumen fluid required for in vitro gas production technique was obtained from three fistula hogget fed with 60% alfalfa and 40% barley ration. Clean water and licking stones were provided ad libitum. Rumen fluids were sampled before morning feeding of the animals, samples were filtered through sixlayer cheesecloth and samples were mixed with twice as much artificial saliva (1/2). About 200 mg ground tall fescue hay (1 mm) was placed in 100 ml glass syringes. Samples were weighed in three replicates. Then, 30 ml buffered rumen fluid was placed into the syringes. As the control groups, three syringes containing only buffered rumen fluid and the syringes containing sample and buffered rumen fluid were placed in water bath at 39 C were used. The amount of gas production in control treatment was subtracted from the gas production of syringes with samples to get net gas production. Total gas production (mL) of tall fescue hay after incubation at 39 C for 24 hours was determined. The gas obtained from tall fescue hay was injected into Infrared Methane Analysis device (Sensor Europe GmbH, Erkrath, Germany) and methane content of the gas was determined (Goel et al., 2008) . The following equation was used to calculate the amount of methane production:
Methane production (mL) = Total gas production (mL) x Methane content (%)
Metabolic energy (ME), organic matter digestibility (OMD) and net energy lactation (NEL)
ME content of tall fescue hay was calculated with the following equation using 24-hour gas production and chemical composition of the samples (Menke and Steingass, 1988) . 
Statistical analysis
Experimental data were subjected to variance analysis with SAS (SAS Inst. 1999) software in accordance with Randomized Blocks Design. LSD test was used to assess the significance of differences in treatment means.
RESULTS
Soil salinity and pH
Salinity of the saturation extracts of the samples taken at the beginning of experiments was ECe= 0.49 dS/m and pH was 7.61. Following the saline irrigation water treatments in the years 2014 and 2015, saturation extract salinity of T0, T1, T2 and T3 treatments were respectively measured as 1.92 dS/m, 3.18 dS/m, 4.91 dS/m and 5.10 dS/m (Table 4 ). The salts accumulated in the root zones of the plants mostly leached through soil profile because of 132.8 mm precipitation at the end of August and the beginning of September 2014, thus the soil salinity at harvest dropped below 1.5 dS/m. Compared to initial values, soil salinity levels in T0, T1, T2 and T3 treatments increased with saline irrigation water treatments respectively by 3.3, 6.5, 10 and 10.4 folds at harvest period of 2015. Soil reaction (pH) decreased with increasing soil salinity levels. 
Yield and chemical composition
The results about the effects of different salt doses on yield, morphology and biochemical characteristics of tall fescue and variance analysis results are provided in Table  5 . The effects of salt stress on crude ash content was found to be insignificant, the effects on crude protein were found to be significant (P<0.05) and the effects on the remaining parameters were highly significant (P<0.01). While the effects of years on crude oil content was found to be significant at 5% level, the effects of years on the other parameters were found to be significant at 1% level. The effects of salt x year interaction on fresh hay yield, dry hay yield, plant height and crude ash content were found to be insignificant, the effects of interaction on crude protein yield, crude protein ratio and crude oil content were found to be significant at 5% level and the effect on ADF and NDF were found to be significant at 1% level.
Fresh hay and dry hay yields decreased with increasing salt doses. The lowest yield was obtained from 8 dS/m treatments respectively with 2577 and 67.6 kg ha -1 and the highest values were obtained from control treatments respectively with 3638 and 96.7 kg ha -1
. Only 8 dS/m treatment constituted the lowest group for crude protein yield and there were not any significant differences between the other salt treatments. Plant heights decreased with increasing salt doses and the plant height of 105.37 cm decreased to 83.59 cm. Crude protein contents (5.56-6.99 %) increased, but ADF (41.01-39.78 %) and NDF (64.94-62.75 %) ratios decreased with salt doses. While the control group had the greatest NDF ratio, all of the salt treatments constituted the lowest group. Crude oil contents decreased with increasing salt doses and the greatest value was observed in control treatment with 1.61% and the lowest value was seen in 8 dS/m salt treatment with 1.42%. 
Gas, methane production, metabolic energy and organic matter digestibility
The effects of different salt treatments on gas and methane production, ME, NEL and OMD of tall fescue hay and variance analysis results are provided in Table 6 . Salt doses, years and salt x year interaction had highly significant effects on GP, ME, NEL and OMD (P<0.01). While the effects of salt stress on methane production were found to be highly significant (P<0.01), effects of salt x year interaction was found to be significant (P<0.05) and effects of years were not found to be significant. GP, methane, ME, NEL and OMD increased with increasing salt doses. Gas production increased from 34.17 ml to 45.00 ml; methane production from 4.35 ml to 6.85 ml, ME from 7.00 MJ/kg DM to 8.58 MJ/kg DM; NEL from 3.75 MJ/kg DM to 4.92 MJ/kg DM and OMD from 48.54% to 58.76%. 
DISCUSSION
The relationship between relative yield and soil salinity (ECe) of tall fescue in accordance with Maas and Hoffman (1977) model is presented in Figure 1 . For fresh hay yield, the threshold soil salinity at which yield loss is observed was identified as 1.85 dS/m for Olympus cultivar and beyond this threshold value, each 1 dS/m increase in salinity resulted in 8.17% yield loss. For dry hay yield, the threshold value was identified as 1.97 dS/m and yield loss for each unit increase in salinity resulted in 8.15% yield loss. According to Ayers and Westcot (1989) , since the threshold value is between 1.3-3.0 dS/m, Olympus cultivar of tall fescue can be classified as moderately tolerant to salinity. Meadow fescue (Festuca elatior L. subsp. pratensis (Huds) Hack) was also reported to be moderately tolerant to salinity (Grieve et al., 2012; Rhoades et al., 1992) . The threshold salinity level and yield loss for meadow fescue was reported as 3.9 dS/m and 5.3% (Maas and Hoffman, 1977) . In present study, fresh hay yields decreased with increasing salt doses. With increasing salt concentration in soil matrix, soil moisture availability and plant water consumption decreases and then ultimately a yield loss is evident (Ayers and Westcot, 1989; Unlukara et al., 2010; Kurunc et al., 2011) . Sodium, chlorine and boron in saline waters may have toxic impacts on plants. They may impair plant nutrient uptake and balance (Rhoades et al., 1992 ). All these impacts may then result in decreases in biomass yields. It was reported in previous studies that salinity retarded plant development and growth in silage maize (Parlak and Parlak, 2006) , alfalfa (Medicago sativa) (Bulut, 2011) , Persian clover (Trifolium resupinatum L.) (Ates and Tekeli. 2007 ) retarded root and shoot development in maize (Zea mays) and reduced fresh hay yields (Bilgin et al., 2008) . On the other hand, slight salinity levels had positive impacts on dry hay yield of grasspea (Lathyrus sativus L.) (Safi, 2012) . Increasing salt doses reduced dry matter yield in birdfoot deervetch (Lotus corniculatus) and Fescuta sp. (Oliveira et al., 2008) .
Plant heights decreased with increasing salt doses. It was reported in a study investigating the effects of water and salt stress on morphological characteristics of grasspea plants, slight salinity levels (2 dS/m) positively influenced plant heights (Safi, 2012) . However, in another study investigating the effects of irrigation water salinity levels on silage maize yield and soil salinity, decreasing plant heights were reported with increasing salinity levels (Parlak and Parlak, 2006) . In a study carried out for reclamation of saline-alkaline soils of Harran plain, tall fescue plants were used as the experimental material and the best results for plant heights were obtained from soils with quite low salt and Na + levels. Increasing salinity and Na + levels usually decrease plant heights (Akil, 2008) .
Since the digestibility of ADF is quite slow (Van Soest, 1994) and NDF slows down the digestibility of the feeds and thus creates a sense of fullness in animals (Uzun et al., 2013) , they are desired to be at low levels in feed rations. Uzun et al. (2013) reported decreasing ADF and NDF ratios in bitter vetch (Vicia ervilia) plants with increasing salt doses. It was also reported that increasing salt doses reduced NDF ratios in forage grasses (BenGhedalia et al., 2001 ) and different meadow plants (Robinson et al., 2004) . In present study, ADF and NDF ratios decreased with increasing salt doses. According to feed quality standards developed by Rohweder et al. (1978) , current ADF ratios were classified as either second or third class and NDF ratios were classified as forth class.
Salt stress increased crude protein ratio of tall fescue cv. (Olympus) plants. However, different relationships were reported between salt stress and protein ratios of plants in previous studies. In a study investigating the effects of irrigation water salinity levels on silage sorghum yield and soil salinity, decreasing crude protein ratios were reported with increasing salinity levels (Parlak and Parlak, 2006) . Salinity hindered leaf protein in oat (Kumar et al., 2010) and cucumber (Abed Alrahman et al., 2005) . However, increasing crude protein ratios were reported with increasing salinity levels in bitter vetch (Uzun et al., 2013) , alfalfa and different meadow hays (Suyama et al., 2007) . Although there are some previous studies reporting increasing crude ash contents with salt stress (Parlak and Parlak, 2006; Al-Ghumaiz, 2013) , effects of salt stress on crude ash contents were not found to be significant in present study.
The in vitro gas quantities are directly related to fermentable carbohydrate quantities in feeds (Blummel and Orskov, 1993) . Increasing ADF and NDF ratios may decrease crude protein, crude oil and carbohydrate contents of feeds (Kaplan et al., 2014) . In present study, decreasing ADF and NDF ratios with salt stress increased crude protein and carbohydrate contents. Then, increasing carbohydrate contents increased in vitro gas production (Blummel and Orskov, 1993) . ME and OMD of tall fescue hay were calculated by using 24-hour in vitro gas production, crude protein, crude oil and crude ash contents of the hays. These values (except for crude oil) all increased with salt stress, thus resulted in increased ME and OMS (Menke and Steingass, 1988) . Lopez et al. (2010) classified anti-methanogenic potential of feeds based on methane ratio of in vitro gas as: low (>%11 and ≤%14), medium (%>6 and <%11) and high (>%0 and <%6). It was observed in present study that salt stress increased the anti-methanogenic potential of Festuca sp. The anti-methanogenic potential was found to be medium only at 8 dS/m and low in other treatments.
Current findings revealed that hay and crude protein yields decreased, but ADF and NDF contents increased with increasing salt stress. Crude protein, ME, OMD, NEL, gas and methane production also increased with increasing salt doses. Since a loss in crude protein yield was not observed until 8 dS/m salinity level and antimethanogenic potential of tall fescue hay was low at this salinity level, it was concluded that tall fescue could reliably be cultivated over the soils with a salinity level of less than 8 dS/m.
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